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Abstract. Recently. materials used to construct house or building wall are considered not only in
the physical nraterial behaviour but also energy conscious and economic factor. The possibility of
utilization of the sludge waste obtained from the natural rubber manufacturing process as a raw

material tbr producing composite brick was investigated. It has been widely known that the finite
element method (FEM) is a tool used for finding accurate solutions of the heat transfer equation of
materials including the composite bricks. ln this work. study of the heat transfer of a composite

brick containing rubber sludge waste (RSW) was showed and compared to results of finite element

analysis (FEA) simulation. To determine the effect of rubber sludge waste to the heat transfer

behaviour of composite brick with different volume fractions are varied by 10,20' 30,40 and 50%.

It appeared that a F EA prediction showed good correspondence with the experimental results.

Introduction

Over the last few decades increasing awareness of human being about environmental protection

and preservation guides some new techniques. Pervious brick is a mixture of cement, water, coarse

aggregate, admixture and/or supplementary materials. As brick industry is one of the most

populated industry and it consumes lots ofnon-renewable energy it is very essential to partial or full
replacement 01- cement to protect our environment. However, nowadays bricks are not only
increasing the strength to the wall, but also plovidirlg other properties such as protecting heat

transfer. including economic and environmental factor. The alternate material or the partial

replacements fbr the cement and aggregate should be developed by recycling of waste materials.

This provides us the low cost, lightweight and eco-friendly construction products. Use of the waste

materials also reduces the problem of land-filling. environmental and health concern. Many

research works !-ll] have been carried out to investigate the properties of mixing rubber into

brick. Plevious works show that the unit weight of brick mixed with rubber particle decreases as the

pcrcentage of the rubber particles replacement increases due to the low specific gravity of rubber
particles !21. Also, air content increases as rubber content increases due to the non-polarity of
rubber causing water to be repelled and air trapped on the surface I l3]. It has also been repofted that
inclusion of rubber particles into concrete decreases the thermal transmittance or improves thermal
insulation perflormance I l4].

It has been widely known that a finite element method has been successfully developed as a tool
to estimate and emulate the behaviour of materials. The advantages of FEA are numerous and

important. A new design concept may be modelled to determine its real world behaviour under

various load environments with minimizing operation cost. With the brick materials, many
researchers have modelled the brick behaviour such as the compressive or flexural strength using
FEA including the heat transfer analysis [5-17]. Silvana et al [8] investigated thermal behaviour
of building walls in summer and compared their analytical results with experimental results.

This is an idea of this work. The incorporation of RSW in cement brickis invented to use as the
walls of the local house in Thailand and the heat transfer of RSWB behaviour is modelled with
diff'erent volume fractions by using the finite element analysis (FEA) and compared with the
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experimental results. In this paper, in order to achieve a heat transfer results, all models were
optimized using the FEM.

Methodology

Rubber sludge waste particles were dried and passed ASTM sieve No.8 (2.38 mm). Local fine
aggregate was replaced by varying RSW with volume fraction of 0, 10, 20, 30, 40 and 50% and
then mixed with a constant Portland cement type t of t0%. The water to total powder ratio were
mixed with appropriately. All specimens used in this study were cured at 28 days. The density,
thermal conductivity and specific heat were measured according to ASTM c20, ASTM cl77 and
ASTM E 1269 - I I . For the heat transfer test rig. the brick with dimensions of 150x200x600 mm.
was placed on the compression heat machine at temperature of 45 'c for 9,000 seconds. Nine
thermocouples were mounted on the top at the other side of the brick. The room temperature was
controlled at temperature of25'C. The different temperatures were measured and compared to FEA
simulation results. The expcrimental schematic is shorvn in Figl

!ct

Fig. l: Heat transfer experimental test rigs [19].

Finite Element Model

Commercial finite element package was used to simulate the behaviour of heat transfer. Firstly, a
simple homogeneous model was built fbr direct comparison to experiment results. The model has
the same dinrension as the actual soil brick which is 150 mm in thickness and 600 mm in length.
However, 2D model was used due to the significant advantage over the full three dimensional
model as a result of the significantly shofter solution times.RSW particles were assumed to be a
round shape contained in composite brick matrix as shown in Fig 2. It was also found that the
combination of rubber sludge waste are rubber particles and inorganic particle such as Magnesium
and Potassium oxide Il]. Then, the rubber particle were modeled and surrounded by area of
inorganic particle. Different volunre fractions of rubber sludge waste (RSW) were varied at 10, 20,
30,40 and 50% respectively. The surface interactions between all particles and composite brick
matrix were constrained for all nodes. Material properties which are necessary for heat transfer
analysis such as the thermal conductivity, specific heat and density are shown in Table l.The heat
transient analysis was selected. According to the experiment rigs, the heat was applied with the
magnitude of 45'Cand hold for 9,000 seconds. Mesh element type namely DCC2D4d (A 4-node
convection/d il'l'usion quadlilateral, dispersion control) was used as shown in Figure 4. The average
temperature at opposite side of rnodel was measured. The different temperatures were calculated
and compaled to experimental results.
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Table I : Material properties using for the FEA simulation

Matcrials Properties
Thermal conductivity

(Wm'K) Density (kg/m3)
Specific heat

(J/ke"C)

Composite brick

Rubber sludge waste

lnorganic

1.94

0.13

t20

, )qo

1.200

960

960

2,01 0

850

,

I
Rubberpartirle

Surrosnd wl!h
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lnoGanicparticle E

a
I

,
600 mrn

150 mm

Fig. 2: Dimensions of composite brick filled with RSW and the boundary conditions

L*
Fig. 3: The mesh model with element type: DCC2D4D (A 4-node convection/diffusion

quadrilateral, dispersion control)

Results and Discussions

This work studies the comparison of the experiment to the prediction of heat transfer of rubber

sludge u'aste (RSW) mixed composite brick. Varying RSw contents of 10, 20, 30, 40 and 50 %
respectively were added into composite brick by volume fraction. The heat was input at the bottom

surface of the brick as previous described. The average temperatures at another of the brick side

measured by the thermocouples. All results were compared to FEA prediction. Figure 4 shows the

heat transfer results of experimental composite brick on different volume fractions of RSW. With
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increasing RSW contents, the heat transfer can be delayed. At 5000 seconds, the temperature
diff'erence of brick mixed with RSW of 10, 20. 30, 40 and 50% by volume fraction and the control
brick are 2.85. 3.65, 4.65. 6.85 and 10.95'C respectively. That means adding RSW can be lower the
thermal transmissibility of the brick due to the low thermal conductivity of RSW compared to the
cement.
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Fig. 5: The comparison ofthe Experimental and FEA results of composite brick without RSW
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Fig. 6: 'lhe remperature at nodes of composite brick mixed with RSW(volume fraction l0%) varied

by times

Therefore, Fig. 5, 7, 9, 11, 13, 15 show FEA which present the temperature contour at nodes of
bricks mixed with RSW ol 0, 10, 20. 30, 40 and 50o/o by volume fraction, respectively. with 0%

RSW, the heat can transfer through the materials from the heated side to another side by smoothly.

However, adding higher contents ofRSW can delay the heat that can be seen from the heat contour.

This can explain because the thermal conductivity of RSW is much lower than that of cement brick

resulting on a slower heat transfer as explained earlier. FEA simulation of each RSW contents are

also compared to experimental results as shown in Fig. 6, 8, 10, l2 and 14. They are found that the

finite element model reproduces quite accurately the heat transfer result in bricks made up of RSW

and composite brick. However, FEA results are slightly higher than those of experiment results.

This might be suggested that FEA simulation in this work has ignored the voids in the bricks which

is considered as another insulation resulting on the lower results [16].
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Fig. I l: The comparison ofthe Experimental and FEA results of composite brick with RSW
(volume fraction 30o%)
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Fig. l5: The comparison of the Experimental and FEA results of composite brick with RSW
(volume fraction 507o)

Conclusion

The heat transfer of composite bricks mixed with different contents of RSW were studied and
compared to those of finite element analysis (FEA). The appropriate experimental technique was
designed and presented the heat transfer mechanisms, and causes leading to the optimum brick
design among a number of alternative constructive possibilities. With RSW contents of 50oZ by
volume fraction in cement brick can reduce the heat from outside to inside up to 360% compared to
without any RSW particles. Also FEA models give accurately results compared to experiment. This
can be clearly seen that FEA technique is one of the successive tools to predict the thermal analysis
behavior of the composite bricks.
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